The brown midrib-3 (bm 3 ) gene mutation has been incorporated into corn plants to potentially improve fiber digestibility. The objectives of this study were to determine the effect of bm 3 corn silage on digestion and performance of growing beef steers and to determine whether limiting intake would further enhance fiber digestibility of bm 3 corn silage. A bm 3 hybrid and its isogeneic normal counterpart were harvested at three-quarters kernel milk line. Neutral detergent fiber, ADF, and ADL were 4.5, 6.9, and 1.9 units lower, respectively, and DM was 5.4 units higher for bm 3 than for normal silage. In Trial 1, eight ruminally fistulated Angus crossbred steers (224 ± 24 kg) were randomly assigned to a 2 × 2 factorial arrangement of treatments in a replicated 4 × 4 Latin square design. Steers had ad libitum feed access or were restricted to 80% of ad libitum intake of diets containing 86% normal corn silage (Control) or bm 3 corn silage (BMCS). The remainder of the diets consisted of soybean meal, urea, monensin, vitamins, and minerals. Dry matter intake was greater (P < 0.01) for steers offered ad libitum access to BMCS than for those with ad libitum access to the Control diet. The BMCS treatment resulted in improved (P < 0.05) apparent total-tract digestibility of
Introduction
Brown midrib mutations have been incorporated into corn plants to lower lignin concentration (Kuc and Nel-2957 DM, OM, NDF, and ADF. Mean concentration of total VFA and molar proportions of acetate were increased (P < 0.05) by feeding BMCS. There tended to be a DMI × hybrid interaction (P = 0.16) for apparent total-tract digestibility of NDF. When diets were offered ad libitum, BMCS increased NDF digestibility by 10.5 percentage units compared with Control, but, when DMI was limited, BMCS increased NDF digestibility by 15.8 percentage units. In Trial 2, 128 steer contemporaries of those used in Trial 1 (245 ± 13 kg) were offered ad libitum access to BMCS or Control diets as used in Trial 1. After a 112-d treatment period, concentrate in the diet was increased, and all steers were fed a common finishing diet. During the 112-d treatment period, steers receiving BMCS consumed 0.45 kg more DM/d (P < 0.05) and had similar ADG (P > 0.10), compared with those steers receiving the Control silage. This resulted in poorer (P < 0.01) feed efficiency for steers receiving BMCS. Finishing phase and overall performance of the steers was not different (P > 0.10) due to treatment. Although feeding BMCS in growth-phase diets resulted in increased daily DMI and improved digestibility of DM and fiber, it did not result in improved steer feedlot ADG compared with Control silage.
son, 1964) and improve fiber digestibility compared with normal corn without the mutation. Muller et al. (1972) showed that the in vitro digestion rates of DM, NDF, cellulose, and hemicellulose were faster for corn silage with the brown midrib-3 (bm 3 ) mutation. Increased voluntary DMI has been observed for early (Rook et al., 1977; Block et al., 1981) and mid to late lactation (Sommerfeldt et al., 1979; Stallings et al., 1982) dairy cows fed bm 3 corn silage. In a majority of these experiments, increased DMI generally resulted in increased milk yield and(or) greater BW gain. Oba and Allen (1999) reported a 9% increase in DMI and a 7% increase in milk yield when diets fed to dairy cows contained bm 3 over those fed isogeneic normal corn silage.
High levels of corn silage are often fed during the growth phase of beef cattle feeding systems in the upper Midwest (Ritchie et al., 1992) . During this phase, the extent of ruminal fill and digestibility of fiber may limit animal performance. Feeding corn silage with the bm 3 mutation might improve growth performance as a result of increased fiber digestion and DMI.
Limit-feeding of a high roughage diet has been shown to improve total-tract digestibility of NDF in sheep (Colucci et al., 1989) and cattle (Colucci et al., 1989; Murphy et al., 1994) . Oba and Allen (1999) reported a negative relationship between difference in NDF digestibility and difference in DMI for bm 3 and isogeneic normal corn silage, for lactating dairy cows. Therefore, the objectives of this study were to determine the effects of bm 3 corn silage on fiber digestibility, voluntary DMI, growth, and feed efficiency of weanling beef steers and to determine whether limiting intake would further enhance fiber digestibility of the bm 3 corn silage.
Materials and Methods
A corn hybrid containing bm 3 (F657, Cargill Hybrid Seeds, Minneapolis, MN) and the same hybrid without the mutation (isogeneic normal; 6208, Cargill Hybrid Seeds), were grown in adjoining 14.6-ha field plots at Michigan State University, East Lansing. Both hybrids were seeded on the same day in 76.2-cm rows to achieve a population of 69,200 seeds per hectare. As the corn approached maturity, DM for each hybrid was determined every third day to estimate desired time of harvest. Immediately before harvest, estimates of plant population were determined for each hybrid by counting the number of plants found in 5.3 m of a row, in 10 randomly selected sites. Four plants from each site were weighed, chopped (Mighty Mac, Amerind MacKissic Inc., Parker Ford, PA), and DM was determined by oven drying at 57°C. An estimate of DM yield per hectare was determined by multiplying the plant population estimate by the plant DM weight. The two field plots were harvested with a three-row silage chopper (Model 900, New Holland North America Inc., New Holland, PA) set at 9.5-mm theoretical cut length, and ensiled in adjacent 150-T concrete bunker silos at the Michigan State University Beef Cattle Teaching and Research Center. Samples from every fourth silage load were collected, frozen immediately at −20°C, and analyzed for CP by macro-Kjeldahl N (AOAC, 1984) before formulating the experimental diets. Post-ensiled nutrient composition and fermentation characteristics of the silages are presented in Table 1 .
Trial 1. Eight Angus crossbred steers (224 ± 24 kg) were surgically fitted with 7.5-cm i.d. ruminal cannulas (Model 4C, Bar Diamond Inc., Parma, ID) 4 wk before the start of the trial. Eighteen days after surgery, can- nulas were replaced with 10-cm i.d. ruminal cannulas (Model 2C, Bar Diamond Inc.). At this time, steers were weighed and moved to individual metabolism stalls for acclimation. Steers had ad libitum access to water and a common corn silage diet (Table 2) . Corn silage was the primary dietary ingredient, with soybean meal and supplement added to meet or exceed requirements for metabolizable protein, minerals, and vitamins (NRC, 1996) . Feed offered and refused was recorded daily, and, when DMI reached a plateau (< 5% difference in DMI for 4 d), DMI as a percentage of body weight was calculated. After acclimation, a 2 × 2 factorial arrangement of treatments was applied to a replicated 4 × 4 Latin square design balanced for carryover effects. Treatment periods were 21 d (14 d of adaptation and 7 d of collection). Treatment diets contained corn silage from a normal corn hybrid (Control) or the same hybrid with the brown midrib-3 mutation (BMCS; Table 2 ). The two diets were offered ad libitum or limited to 80% of ad libitum normal DMI. Preceding each period, steers were weighed, and ad libitum DMI as a percentage of body weight was estimated from DMI determined during acclimation. Treatments with limited DMI were fed 80% of this ad libitum DMI estimate. This procedure adjusted DMI for increasing BW during the 84-d trial.
Diets were mixed daily and fed at 1400, 2200, and 0600 the following day. Amounts fed and refused were recorded daily. Representative samples of complete mixed diets, individual ingredients, and orts were taken at each feeding on d 14 through 21 of each period and frozen immediately at −20°C.
Fecal output was determined using total fecal collection on d 15 through 18 of each period. Fecal collection bags were placed on each steer at 1400 on collection days. Accumulated feces were removed and weighed at each 24-h interval for the 4 d. A 0.5-kg representative sample was frozen at −20°C until analysis.
Five subsamples of whole ruminal contents from representative areas of the rumen were collected and composited every hour for 8 h starting at 0600 on d 15, 1400 on d 16, and 2200 on d 17, to represent an entire 24-h period. Fluid was separated from the particulate fraction by squeezing through four layers of cheesecloth. Ruminal fluid pH was determined immediately after collection. A 50-mL aliquot was frozen immediately at −20°C for later analysis of VFA. An additional 50-mL aliquot was acidified with 1 mL of 6 N HCl and frozen at −20°C for later analysis of ruminal ammonia N concentration.
Total ruminal contents were removed at 1000 on d 19 and 1800 on d 21 of each period to determine ruminal volume and passage rate. Each animal's digesta was removed and placed in a 30-L open barrel. Ruminal content was weighed, and volume was determined. A 2.7-kg subsample was collected, and digesta were replaced. The subsample was frozen immediately at −20°C for later determination of indigestible NDF content.
Trial 2. One hundred twenty-eight weanling Angus crossbred beef steers (245 ± 13 kg) were used to deter- mine the effects of feeding bm 3 corn silage on growth performance. Steers were blocked by weight and randomly assigned to eight replications of two dietary treatments with eight animals per pen (4.3 × 13.1 m, partially covered). Steers were fed once daily and had ad libitum access to Control and BMCS diets, as used in Trial 1, for 112 d. After this time, the percentage of concentrate in the diet was increased stepwise (four diets over 16 d) until steers were adapted to a common finishing diet that contained 15% normal corn silage (Table 2) Sample Analysis. Feed and fecal samples were dried at 57°C and ground through a Wiley mill (Arthur H. Thomas, Philadelphia, PA) equipped with a 1-mm screen. Samples of rations and individual feedstuffs were composited for each period, and fecal samples were composited by animal for each period. Samples were then analyzed for DM, OM (Goering and Van Soest, 1970) , NDF, ADF, and ADL (Van Soest et al., 1991 ; method A for NDF). Neutral detergent fiber, ADF, and ADL were corrected for ash. Feed samples were analyzed for CP by macro-Kjeldahl N (AOAC, 1984) . Feed and fecal starch were measured by the enzymatic method of Karkalas (1985) using a spectrophotometer (Spectra Max 190, Molecular Device Corp., Sunnyvale, CA) after samples were gelatinized with sodium hydroxide. Gross energy was determined for both feed and fecal samples by bomb calorimetry (1241 Adiabatic Calorimeter, Parr Instruments, Moline, IL; AOAC, 1984). Digestible energy was determined as the difference between intake of diet gross energy and output of fecal gross energy. Concentration of ME, NE m , and NE g in the diets were calculated from DE using NRC (1996) equations.
Ruminal VFA samples were allowed to thaw completely at room temperature (22°C) before analysis. Samples were then mixed thoroughly, and 5-mL subsamples were transferred to high-speed centrifuge tubes. Samples were then acidified (pH < 3) with 90 L of 12 N H 2 SO 4 , vortexed, and centrifuged (Model J2-21, Beckman Instruments Inc., Arlington Heights, IL) at 26,000 × g for 30 min. Concentrations of VFA in the supernate were then determined by HPLC (Waters 410 Differential Refractometer, Millipore Corp., Milford, MA) using an organic acid analysis column (300 mm × 7.8 mm i.d.; AMINEX HPX 87H Ion Exchange, Bio-Rad Laboratories, Hercules, CA) and 0.005 M H 2 SO 4 at 0.6 mLؒmin −1 as the mobile phase.
Silage samples were allowed to thaw completely at room temperature before analysis. A 50-g subsample of silage plus 450 mL of distilled water were blended (Model STO-3500, STOMACHER Lab-Blender, Teckmar, Cincinnati, OH) for 5 min. Samples were strained through four layers of cheesecloth, and pH was determined. Five milliliters of solution was transferred to a high-speed centrifuge tube and acidified (pH < 3) with 90 L of 12 N H 2 SO 4 and centrifuged at 26,000 × g for 30 min. Concentrations of VFA in the supernate were determined by HPLC.
Ruminal samples were thawed completely at 22°C, mixed, and 5-mL subsamples were transferred to highspeed centrifuge tubes. Samples were then centrifuged at 26,000 × g for 30 min. Ruminal ammonia N concentrations were determined using a spectrophotometer (Model DU 7400, Beckman Instruments Inc., Schaumburg, IL) following the procedure described by Chaney and Marbach (1962) .
Indigestible residues in feed and ruminal contents were determined using 120-h in vitro digestion according to procedures described by Dado and Allen (1995) . Passage rate of indigestible NDF from the rumen (k p ) was determined by dividing the rate of indigestible NDF intake by the indigestible NDF pool size, based on the two-pool, first-order model of rumen fiber digestion (Waldo et al., 1972) . Ruminal NDF turnover time was determined by dividing ruminal NDF pool size by NDF intake per hour. These calculations assume that ruminal NDF pool sizes and fluxes are at steady state, and that 120-h in vitro indigestible NDF is an accurate measure of indigestible fiber in vivo.
Statistical Analysis. Intake, digestibility, VFA, digesta characteristics, and kinetic data for Trial 1 were analyzed using the Mixed Models procedure of SAS (1996) as a 2 × 2 factorial arrangement of treatments. Compound symmetry was determined as the most appropriate covariance structure using the Schwarz Bayesian criterion (Littell et al., 1998) . The model contained animal as a random effect and period, DMI level, hybrid, and DMI × hybrid as fixed effects. Interactions were considered significant at P < 0.10. In Trial 1, one steer that had ad libitum access to BMCS would not consume expected DMI of feed prior to collection for reasons unrelated to treatment. Therefore, data were omitted for this steer during that period. Due to the unbalanced design, data are presented as least squares means.
Ruminal pH and NH 3 N data for Trial 1 were analyzed using the Mixed Models procedure of SAS (1996) as a 2 × 2 factorial arrangement of treatments with repeated measures over time. The covariance structure using unstructured correlation for period and autoregressive correlation for time was determined to be the most appropriate according to the Schwarz Bayesian criterion (Littell et al., 1998) . The model contained animal as a random effect and period, DMI level, hybrid, time, and their 2-and 3-way interactions as fixed effects. Interactions were considered significant at P < 0.10.
Data for Trial 2 were analyzed using the Mixed Models procedure of SAS (1996) as a randomized complete block design using pen as the experimental unit. The model statement contained ADG, DMI, feed efficiency, and ultrasound data as the dependent variables and weight-block and treatment as the independent variables. Carcass data for 19 steers in Trial 2 were not obtained at the packing plant. Treatment effects for all data were considered different at a significance level of P < 0.05.
Results and Discussion
Isogeneic normal corn was harvested 140 d following planting and was 4 percentage units higher in DM than the bm 3 at this time. The bm 3 corn was harvested 147 d following planting. Both hybrids were ensiled at threefourths kernel milk line, but the DM concentration was greater for bm 3 than isogeneic normal (Table 1) . Previous literature indicates that adding the bm 3 mutation to corn results in slower growth , delayed silking Weller et al., 1985) , and slower grain filling , which may delay maturity by 7 to 14 d (Weller et al., 1985) . Allen et al. (1997) compared 14 bm 3 corn hybrids with their respective isogeneic normal counterparts and determined that, when the hybrids were harvested on the same date, the bm 3 hybrids were 3 percentage units lower in DM. In the current research, the percentage of CP was similar between the two hybrids. There was 6.3% more starch in the bm 3 corn silage compared with the isogeneic normal corn silage. Neutral detergent fiber, ADF, and ADL were 4.5, 6.9, and 1.9 units lower, respectively, for bm 3 than for isogeneic normal. Oba and Allen (1999) observed reductions of 1.8, 1.3, and 0.8 units in NDF, ADF, and lignin for bm 3 corn silage.
Trial 1. Steers with ad libitum access to BMCS had a higher (P < 0.01) daily DMI than steers with access to Control silage. This increase in DMI could be partially due to the lower NDF concentration and(or) increased NDF digestibility of BMCS. Oba and Allen (1999) reported a 9% increase in DMI when dairy cows received bm 3 corn silage compared with normal and attributed much of this increase to bm 3 silage being more readily degraded in the rumen and having a faster passage rate.
Digestibility of DM and OM was improved (P < 0.05) by feeding BMCS compared with Control silage. The higher DM digestibility for BMCS could be due to the Table 3 . Dry matter intake, fecal output, apparent total-tract digestibility, and energy concentration of isogeneic normal control (Control) and brown midrib-3 (BMCS) corn silage diets offered ad libitum or 80% of ad libitum to steers (Trial 1) higher fiber digestibility and(or) the higher starch content in the diet. In previous literature, when bm 3 was compared with isogeneic normal corn silage, no difference in apparent total-tract DM digestibility was observed for lactating dairy cows (Rook et al., 1977; Sommerfeldt et al., 1979; Oba and Allen, 1999) ; however, a 6.6 percentage unit improvement in DM digestibility has been reported for sheep (Stallings et al., 1982) . There was a trend for a DMI level × hybrid interaction (P ≤ 0.16) for apparent total-tract digestibility of NDF and ADF (Table 3 ). The magnitude of improvement in total-tract digestibility of NDF and ADF by feeding BMCS was dependent on DMI level. When BMCS was compared with Control at ad libitum intakes, there were 10.5 and 9.4 percentage unit improvements in total-tract digestibility of NDF and ADF, respectively. When intake was held constant between the two hybrids by limiting DMI, feeding BMCS resulted in 15.8 and 15.4 percentage unit improvements in total-tract digestibility of NDF and ADF, respectively. Similar results were reported by Oba and Allen (1999) , when bm 3 was compared with isogeneic normal corn silage diets fed to lactating dairy cows in a crossover design. In that study, as DMI increased with bm 3 compared with control, total-tract digestibility of NDF decreased. When cows consumed similar amounts of bm 3 and isogeneic normal silage diets, there was a 6 unit increase in apparent total-tract digestibility of NDF for bm 3 compared with normal silage. However, this improvement in total-tract digestibility of NDF for bm 3 corn silage was diminished when DMI was increased. Oba and Allen (1999) explained that higher passage rate associated with increased DMI could have reduced ruminal retention time for bm 3 corn silage, which should have reduced total-tract digestibility of NDF. Differences in apparent total-tract digestibility of NDF and ADF in the current trial can be explained in a similar manner. Limiting intake would have decreased passage rate and increased the ruminal retention time of the bm 3 corn silage, allowing a greater extent of fermentation in the rumen. Murphy et al. (1994) reported that, for every 1-kg reduction in DMI below ad libitum for steers fed corn silage-based diets, total-tract digestibility of NDF increased 4.1 units.
Apparent total-tract digestibility of starch was not affected (P > 0.20) by either hybrid or level of intake (Table 3) . Oba and Allen (1999) also reported no difference in total-tract starch digestibility when either bm 3 or the same hybrid without the mutation was fed to lactating dairy cows. Murphy et al. (1994) observed that reducing DMI from ad libitum to 80% of ad libitum did not influence total-tract starch digestibility.
Gross energy digestibility tended to be improved (P = 0.07) by feeding BMCS compared with Control (Table  3) . With a 10.5 percentage unit greater apparent totaltract digestibility of NDF for BMCS than for Control silage and similar starch digestibility, GE digestibility would be predicted to be higher. The reason for lack of a significant increase in GE digestibility is not known but may be due to a decreased protein digestibility of BMCS. Rook et al. (1977) and Sommerfeldt et al. (1979) reported no differences in energy digestibility for dairy cows fed diets containing either bm 3 or isogeneic normal corn silage. In the current study, the increased DMI and total-tract digestibility of energy by steers offered ad libitum intake of BMCS resulted in increased (P < 0.05) digestible energy intake for BMCS compared with Control silage.
Ruminal digesta characteristics and passage rate data are presented in Table 4 . There were DMI level × hybrid interactions (P < 0.10) for digesta dry weight, digesta volume, percentage of ruminal NDF, and ruminal NDF turnover time. When steers had ad libitum access to BMCS and Control silage, digesta dry weight and digesta volume were increased by 5.2 and 4.1%, respectively. However, when intake was held constant by restricting DMI, feeding BMCS resulted in digesta dry weight and digesta volume being decreased by 7.7 and 7.0%, respectively. Ruminal NDF turnover time was 9% slower for ad libitum Control silage than for ad libitum BMCS. When intake was restricted, ruminal NDF turnover time was 23% slower for Control silage than for BMCS. Ruminal NDF turnover time for BMCS was similar (P > 0.20) when diets were fed at either DMI level. Ruminal passage rate of indigestible NDF was reduced (P < 0.01) by restriction of DMI but was not significantly affected by hybrid. The faster passage rate and similar turnover time for ad libitum BMCS than for limited BMCS suggests that digestion rate of BMCS was reduced by increasing DMI. Similar results were reported by Oba and Allen (2000) , who observed an increase in passage rate of NDF and a reduction in digestion rate of potentially digestible NDF when bm 3 relative to isogeneic normal corn silage was fed to dairy cows. Hybrid did not significantly influence ruminal pH (P > 0.10). There was a time × DMI interaction (P < 0.001) for ruminal pH. Therefore, ruminal pH data are presented as treatment least squares means over time, after initial feeding (Figure 1 ). Ruminal pH reached the lowest point approximately 3 h after each feeding for both limit-fed treatments and then increased until the next feeding. Ruminal pH for steers receiving the limited diets continued this cyclic pattern for each additional feeding. Steers offered ad libitum access had decreasing ruminal pH from initial feeding until approximately 4 to 6 h after feeding. After this time, ruminal pH remained fairly constant with only slight fluctuations when additional feed was offered. The limited intake steers consumed all of their allotted feed rapidly at each of the feeding times, which would supply a large amount of fermentable substrate to the ruminal microbes in a short period of time, explaining the cyclic pattern for ruminal pH. Steers receiving the diets at ad libitum intakes were observed to consume feed throughout the period, which would result in a more constant pool of fermentable substrate in the rumen and a more consistent pH. A pattern in ruminal pH similar to the ad libitum treatments was observed by Rook et al. (1977) , who reported that ruminal pH reached the lowest point approximately 4 h after feeding and then increased until the next feeding when an 85% corn silage diet was offered at ad libitum to lactating dairy cows. In contrast to these results, Rook et al. (1977) and Block et al. (1981) reported lower ruminal pH when bm 3 was compared to isogeneic normal corn silage diets offered ad libitum to dairy cows. Ruminal ammonia data are presented in Figure 2 as treatment least squares means over time, after initial feeding, because of the time × DMI × hybrid interaction (P < 0.05). Ruminal ammonia followed a cyclic pattern over the 24-h period for all treatments. In all four treatments, NH 3 N peaked approximately 1 h after each of the three feeding times. Limit-feeding resulted in higher (P < 0.05) NH 3 N at each of the peaks compared with ad libitum feeding. After reaching the peak, NH 3 N in both limit-fed treatments reached the lowest point approximately 4 h after feeding. Ruminal ammonia concentration in steers offered diets ad libitum declined more slowly and did not reach the lowest point until after 4 h after feeding. Murphy et al. (1994) found that restricting intake of steers fed a 75% corn silage diet resulted in higher peak concentrations of NH 3 N when compared with ad libitum DMI. In that study, the diets were balanced to contain similar daily intakes of CP by adding higher concentrations of soybean meal and urea to the limit-fed diets. As a result, steers receiving the limit-fed diets consumed more total protein shortly after feeding, resulting in a higher NH 3 N peak (Murphy et al., 1994) . In the present study, even though the diets were balanced to contain similar concentrations of protein, the higher NH 3 N peak for steers receiving the limited intake diets could be explained in a similar manner. The feed-restriction steers probably consumed a larger initial meal size, which could be the cause of higher NH 3 N peak.
Steers with ad libitum access to Control silage had significantly higher NH 3 N concentration than those receiving ad libitum BMCS at 1 h after initial feeding.
Limit-fed Control silage-and BMCS-fed steers had similar NH 3 N at 1 h after initial feeding. At 2 and 3 h after initial feeding, NH 3 N was higher (P < 0.05) for limit-fed Control steers than for limit-fed BMCS steers. The two treatments remained similar from 4 h after initial feeding until additional feed was offered, at which time limit-fed Control steers again had higher concentrations NH 3 N after feeding. Murphy et al. (1994) observed that, as time after feeding increased, NH 3 N concentration of steers fed restricted intakes increased compared with steers offered ad libitum intakes. They explained that this could be from lack of NH 3 N assimilation into microbial protein as a result of decreased availability of fermentable substrate. In the present study, differences in ruminal ammonia concentrations between the limit-fed treatments could be due to an increase in availability of fermentable substrate for BMCS compared with Control silage. The lower concentration of NH 3 N caused by ad libitum BMCS compared to ad libitum Control silage could have resulted from an increased availability of fermentable substrate, a smaller initial meal size, faster liquid passage rate, lower protein digestibility, or any combination of these factors. When bm 3 was compared with isogeneic normal corn silage in lactating dairy rations, no differences in NH 3 N were observed (Rook et al., 1977; Sommerfeldt et al., 1979; Block et al., 1981) .
There was trend for a DMI level × hybrid interaction (P < 0.15) for total VFA concentration, and there was a DMI level × hybrid interaction (P < 0.10) for molar proportions of butyrate (Table 5) . Steers with ad libitum access to BMCS had the highest (P < 0.05) concentration of total VFA compared with those fed the other three treatments. Total VFA were higher (P < 0.05) for ad libitum-fed Control steers than for limit-fed Control steers. There was a hybrid effect (P < 0.001) for molar proportions of acetate, and feeding BMCS at both DMI levels resulted in increased proportions of acetate. Feeding BMCS did not affect (P < 0.20) molar proportions of propionate. When bm 3 silage was fed to lactating dairy cows in rations containing 65% corn silage, Block et al. (1981) observed an increase in molar proportion of propionate and a decrease in acetate. Rook et al. (1977) reported no difference in molar proportions of either acetate or propionate between bm 3 and isogeneic normal when a 60% corn silage diet was fed to lactating dairy cows. When the percentage of corn silage was 85%, Rook et al. (1977) did observe increases in molar proportions of both acetate and propionate for bm 3 .
Restricting DMI resulted in a reduction (P < 0.01) in total VFA concentration but increased (P < 0.01) molar proportions of acetate. Feeding both corn silage diets ad libitum resulted in a higher (P < 0.05) proportion of propionate. Rumsey et al. (1970) observed that increasing DMI from 0.5 to 2% of body weight for diets containing either all-concentrate or 88% hay resulted in increased concentration of total VFA, increased molar proportion of propionate, and decreased molar proportion of acetate. Galyean et al. (1979) also reported that feeding an 84% concentrate diet at increasing levels from one to two times maintenance tended to increase propionate and decrease acetate proportions.
Trial 2. Feeding BMCS compared with Control silage during the 112-d growth phase resulted in a 0.43-kg increase in daily DMI (Table 6 ). The increase in DMI for steers receiving BMCS was consistent with the digestion trial data. Keith et al. (1981) also observed an increase (0.47 kg/d) in DMI when bm 3 was compared with isogeneic normal corn silage fed to steers. When bm 3 was compared to isogeneic normal in diets fed to lactating dairy cows, increases in DMI ranged from 3 to 9% (Sommerfeldt et al., 1979; Stallings et al., 1982; Oba and Allen, 1999) . Although there were improvements in fiber and energy digestibility when fistulated steers received BMCS in Trial 1, ADG of feedlot steers in Trial 2 was not influenced (P > 0.20) by hybrid. In (NRC, 1996) to be 0.13 kg/d greater for steers with ad libitum access to BMCS than for Control steers. A possible explanation for the absence of observed ADG response in Trial 2 could be an increase in passage rate and a reduction in digestion rate of NDF for BMCS by increasing DMI, as suggested by results in Trial 1. Steers in Trial 2 consumed 26% more DM as a percentage of BW compared with cannulated steers in Trial 1 that had ad libitum access to feed. This greater DMI in Trial 2 could have further increased passage rate of BMCS and depressed DM digestion of BMCS, resulting in similar digestible DM intake for both treatments. Oba and Allen (1999) observed that a large increase in DMI resulted in lower digestibility of DM for bm 3 relative to isogeneic normal corn silage. In the current research, the increase in DMI and no change in ADG resulted in steers fed BMCS having poorer (P < 0.01) feed efficiency. Keith et al. (1981) observed improvements in ADG of steers fed bm 3 compared with isogeneic normal silage but did not observe differences in feed conversion. When steers were fed a 92% corn silage diet containing bm 3 compared with diets using a variety of commercial hybrids, ADG was increased (McEwen et al., 1996) . McEwen et al. (1996) also reported that feeding a bm 3 corn silage diet resulted in increased feed efficiency compared with diets containing corn silage from commercial hybrids.
Average daily gain, daily DMI, and gain efficiency during the finishing phase and for the entire feeding period were not different (P > 0.05) between steers that had either received Control silage or BMCS during the growing period (Table 6 ). Consistent with there being no difference in ADG over the entire feeding period, there was no difference (P > 0.10) in final weight between the two treatments (Table 6 ). In addition, hot carcass weight, dressing percentage, s.c. fat thickness, longissimus muscle area, percentage of kidney-pelvicheart fat, and marbling score were not significantly different between BMCS and Control steers (data not shown).
Implications
Although brown midrib-3 corn silage resulted in increased feed intake and improved digestibility of fiber, and was predicted to improve daily gains by 0.13 kg/d, no improvement in average daily gain was observed in the performance trial. In addition, poorer feed efficiency was observed for steers receiving brown midrib-3 corn silage in this trial. Reasons for the discrepancy between predicted and actual daily gains are not known and further research is warranted. Restricting feed intake may further improve fiber digestibility of brown midrib-3 corn silage. Knowledge gained from additional trials will be necessary for feedlot managers to make informed decisions on potential advantages or disadvantages of producing and feeding brown midrib corn silage.
